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(54) [Title of the Invention] Ester Composition and 
Manufacturing Method Thereof 

(57) [Abstract] 

[Problem to be Solved] 

To provide a technology of efficiently converting 
triglycerides and free fatty acids in an animal oil or a 
vegetable oil into ester compositions which can be utilized as 
an fuel oil for diesel engines or the like and to provide a fuel 
composition manufactured by such a technology, where the fuel 
composition has low viscosity and high volatility and generates 
a negligible amount of black smoke or sulfur oxide (SOX) without 
causing an offensive odor. 

[Means for Solving Problem] 

An animal oil or a vegetable oil is processed using an 
alcohol in a super-critical state or a sub-critical state in 
the absence of a catalyst to selectively convert triglycerides 
and free fatty acids into monoesterif ied substances by a 
transesterif ication reaction and a dehydration reaction, 
respectively, within a short time. 

[Claims] 

[Claim 1] A method of manufacturing an ester composition, 
characterized in that an animal oil or a vegetable oil is 
subjected to a transesterif ication reaction and a dehydration 
reaction, respectively, using an alcohol in a super-critical 
state or a sub-critical state to selectively obtain a 
monoesterif ied substance in a simultaneous manner. 

[Claim 2] The method of manufacturing an ester composition as 
described in Claim 1, wherein an alkali is added as a catalyst 
active principle to the alcohol in the super-critical state or 
the sub-critical state to attain 2% or less in alkali 
concentration . 

[Claim 3] An ester composition consisting of a esterified 
substance obtained by subjecting a mixture of at least one 
triglyceride represented by the following formula (1) derived 
from a vegetable oil or an animal oil and at least one free fatty 
acid represented by the following formula (2) and an alcohol 



represented by R 5 -OH (R 5 is an aliphatic group containing 
approximately 1 to 24 carbon atoms) to a transesterif ication 
reaction and a dehydration reaction in a super-critical state 
or a sub-critical state of the alcohol. 
[Chemical Formula 1] 

(R 1 , R 2 , and R 3 are aliphatic aliphatic hydrocarbyl groups having 
at least 60% mono-unsaturation property and containing 
approximately 6 to 24 carbon atoms, respectively) . 

[Chemical Formula 2] 

(R 4 is a saturated aliphatic group having approximately 6 to 
24 carbon atoms or a mono-, di-, or tri -unsaturated aliphatic 
group) . 

[Claim 4] The ester composition as claimed in Claim 3, wherein 
the animal oil or the vegetable oil is one or at least two 
selected from the group consisting of a sardine oil, a saury 
oil, a tuna oil, beef tallow, lard, a sunflower oil, a saf flower 
oil, a tung oil, a linseed oil, a soybean oil, oleum rapae, a 
cotton seed oil, an olive oil, a camellia oil, and a palm oil. 

[Claim 5] The ester composition as claimed in Claim 3 or 4 , 
wherein R 4 represents a methyl group. 

[Claim 6] The ester composition as described in any of Claims 
3 to 5, wherein an alkali is added as a catalyst active principle 
to the alcohol in the super-critical state or the sub-critical 
state to attain 2% or less in alkali concentration. 
[Claim 7] A fuel oil composition, comprising an ester 
composition as described in any of Claims 3 to 6 . 
[Claim 8] A fuel oil composition for diesel engines, comprising 
an ester composition as described in any of Claims 3 to 6 . 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FILED OF THE INVENTION] 

The present invention relates to a method of collecting 
a monoesterif ied substance to be recycled as a fuel oil by 
processing an animal oil, a vegetable oil, or a waste edible 
oil such as a waste tempura oil in large quantities at high speed, 
and also relates to a fuel composition comprising such a 
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monoesterif ied substance. More specifically, the present 
invention relates to a method of efficiently converting into 
a monoesterif ied substance easily and effectively by utilizing 
a fact that an alcohol in a super-critical state or a 
sub-critical state forms a good ionic reaction region through 
a transesterif ication reaction and a dehydration reaction and 
to a bio-diesel fuel oil composition. 
[0002] 
[PRIOR ART] 

For diesel engines, petroleum-based fuels such as a light 
oil and a fuel oil A have been generally used. However, in 
recent years, from the side of environmental measures, efforts 
have been down to recycling edible oils such as a colza oil, 
a soybean oil, and a palm oil and waste edible oils used for 
cooking. In particular, the waste oils used for cooking have 
been generated 360,000-460,000 tons a year and, among them, 
200,000 tons have been considered as being collectable. Even 
though a large proportion of the waste edible oils has been 
abandoned, recycling campaigns are activated. The Institute 
of Energy Economics in Japan has reported "Study of Possibility 
of Recycling Vegetable Waste Oil as oil alternative Energy" . 
This report makes investigation into the situation that 
vegetable oil fuels are used as fuels for diesel vehicle oils 
in other countries. 

[0003] In France, a colza oil has been processed and mixed 
5% with a light oil to sold in gas stations. In addition, the 
colza oil has been mixed with a light oil at various mixing ratios 
to experimentally use in buses and trucks. In Germany, diesel 
engines directly using vegetable oils have been developed. In 
United States, also, a soybean oil is processed and mixed with 
a light oil to sold it on the market . Vegetable oils and animal 
oils are recyclable resources and have small sulfur contents 
as compared with petrolatum-based resources having limited 
reserves. Thus, these oils are peculiar to their abilities of 
hardly generating sulfur oxide (SOX) when the oils are used 
as fuel. 



[0004] However , edible oils have disadvantages of high 
viscosity, low volatility, or ignitionability, which are not 
found in petroleum-based fuels. For solving these 

disadvantages, there are proposed a fuel oil for diesel engines 
in which a terpenic compound is mixed with a vegetable oil or 
a fish oil (JP 8-53681 A) and a blend fuel of a west vegetable 
oil and a heavy oil ( JP 10-17875 A) . 

[0005] Furthermore, a monoesterif ied substance obtained by a 
transesterif ication reaction between a fish or vegetable oil 
and an alcohol has been proposed ( JP 10-23747 A) . However, the 
transesterif ication reaction at normal pressures requires a 
basic catalyst such as sodium hydroxide with a prolonged 
reaction process time of 5 to 6 hours, so that 
fractionation/purif ication steps after the treatment can be 
indispensable. Furthermore, even in a fresh vegetable oil, 
free unsaturated fatty acids such as an a-linolenic acid, a 
linolenic acid, and a 9-hexadecenoic acid and free saturated 
fatty acids such as a lauric acid, a stearic acid, a palmitin 
acid, a mystic acid, are contained and subjected to a reaction 
with a catalyst to become alkali soap. Therefore, an excess 
amount of the basic catalyst is required by just that much. In 
addition, the alkali soap cannot be employed in a biodiesel fuel 
as a monoesterif ied substance, resulting in a decreased yield 
of a product. Besides, in a waste edible oil such as a waste 
tempula oil, a free fatty acid tends to increase as a result 
of rancidif ication, hydrolysis, or the like in storage and 
processing steps. In addition, many problems in an additional 
treatment, such as the generation of a large amount of sodium 
soap in a reaction system may be occurred. Therefore, it is 
very important to more efficiently obtain a monoesterif ied 
substance in high yield easily, and thus the development of a 
technology that enables the conversion to such a substance has 
been desired. 

[0006] 

[PROBLEMS THAT THE INVENTION IS TO SOLVE] 

The present invention has been made under such 



circumstances and it is an object of the present invention to 
provide a technology to efficiently convert a vegetable oil, 
an animal oil, or a waste edible oil such as a waste tempura 
oil into a monoesterif ied substance which can be used as a diesel 
fuel oil or the like without causing any inconvenience found 
in prior art. In other words, the invention provides a method 
of easily and effectively manufacturing a fuel for diesel 
engines, where the fuel is of low viscosity and high volatility 
and generates a negligible amount of black smoke or sulfur oxide 
(SOX) without causing an offensive odor. 
[0007] 

[MEANS FOR SOLVING THE PROBLEMS] 

For solving the above problems, the present invention 
provides a method by which triglyceride or a free fatty acid, 
which is principle ingredients of a vegetable oil or a waste 
oil thereof, is subjected to transesterif ication and 
dehydration reactions with alcohol such as methanol in a 
super-critical state or a sub-critical state to convert it into 
a monoesterif ied substance within an extremely short time in 
good yield as compared with conversion to a methyl -esterif ied 
fuel using the conventional catalyst, and then the 
monoesterif ied substance is collected. Furthermore, the 
present invention provides an ester composition obtained by 
subjecting an animal oil or a vegetable oil to 
transesterif ication and dehydration reactions using an alcohol 
in a super-critical state or a sub-critical state in the absence 
of a catalyst to convert it into a monoesterif ied substance and 
also provides a fuel oil for diesel engines, which contains such 
an ester composition. 
[0008] 

Here, the term ''vegetable oils' 7 as used herein include 
oils originated from plats, such as a palm oil, a soybean oil, 
a sunflower oil, a colza oil, a saf flower oil, a corn oil, a 
cotton oil, a sesame oil, a rice oil, a kapok seed oil, a peanut 
oil, an olive oil, and a coconut oil; and waste edible oils, 
such as tempura oil', which utilize these oils . The term "animal 



oils" include land animal oils and marine animal oils, such as 
fatty oils obtained from fishes, e.g., a sardine oil, a menhaden 
oil, a saury oil, and a tuna oil; and animal oils such as beef 
tallow, lard, and blubber. 
[0009] 

In addition, the term "alcohols" mean monovalent alcohols 
including methanol , ethanol , 1 -propanol , 2 -propanol , 
2-butanol, isobutyl alcohol , 2-buntanol, t-butanol, and allyl 
alcohol , which can be represented by the general formula of R 5 OH, 
wherein R 5 represents an aliphatic group that contains 1 to 
approximately 24 carbon atoms. Here, these alcohols have 
exemplified critical temperatures (Tc) and critical pressures 
(Pc) as shown in Table 1. 
[0010] 
[Table 1] 

Critical Constants of Various Alcohol 

Name of Alcohol Chemical Formula Molecular Weight Boiling 
Point [°C] 

methanol 
ethanol 

1 - propanol 

2 - propanol 

1- butanol 
isobutyl alcohol 

2 - butanol 

t -butyl alcohol 
allyl alcohol 

[0011] 

The term "super-critical state" of alcohol means that an 
inner temperature of the reaction system is not less than the 
critical temperature (Tc) of alcohol and also not less than the 
critical pressure (Pc) of alcohol. The term "sub-critical 
state" means that an inner temperature of the reaction system 



is not less than the boiling point of alcohol and not less than 
about 150 °C and the pressure thereof is not less than the vapor 
pressure of alcohol and not less than about 2.0 MPa. 
[0012] Therefore, when the present invention is carried out, 
for the formation of an alcohol in a supercritical state or a 
subcritical state, the temperatures may be suitably adjusted 
at least within the range of 150 to 600°C and the pressures may 
be suitably adjusted at least within the range of 2.0 to 200 
MPa. If the temperature exceeds 600°C, the thermal 
decomposition of a vegetable or animal oil and alcohol becomes 
remarkable, resulting in a decrease in yield of the product. 
In addition, when the reaction pressure even exceeds 200 MPa, 
there is no improvement found in the yield of the product and 
in the reaction time. More preferably, the temperatures are 
within 220 to 400°C and the pressures are within 3 to 100 MPa. 
The reaction temperature may be selected from the range from 
1 second to 2 hours, more preferably the range from 1 to 30 
minutes, depending on the reaction conditions. 
[0013] In addition, in the present invention, an alkaline such 
as sodium hydroxide or potassium hydroxide may be added as a 
catalyst active principle to an alcohol in a super-critical 
state or a sub-critical state if necessarily so as to be 2% or 
less in concentration . If the amount of alkaline added exceeds 
2%, it is not preferable because of the need of a complicated 
post treatment in addition to an increase in formation of alkali 
soap and a decrease in yield of a product . More favorable alkali 
concentrations are 0.0 5% or less. That is, according to the 
present invention, a catalytic effect with the addition of 
alkaline can be sufficiently exerted even if the concentration 
of alkaline is 0.05% or less. 

[0014] Types of devices which can be used for performing the 
manufacturing method of the invention include, but not 
specifically limited to, a batch type reactor, a continuous type 
tank reactor, a piston- flow circulation- type reactor, and a 
tower circulation- type reactor. Monoesterif ied substances 
obtained as finished products may be directly used as fuel oils 



for diesel engines, or may be added to light oils, kerosene, 
and fuel oils A so as to be used as fuels and the like. 
[0015] The manufacturing method of the ester composition of 
the present invention is constructed as described above, so that 
selective and effective conversion of triglyceride in a 
vegetable or animal oil into a monoesterif ied substance can be 
carried out within in a short time without using any catalyst 
as compared with a transesterif ication reaction with methanol . 
Furthermore, it becomes clear that free fatty acids, to which 
separation procedures have been required in the conventional 
methods, can be also simultaneously and effectively converted 
into fatty acid monoesters using an alcohol in a super- or 
sub-critical state. Besides, the resulting ester composition 
is provided as a fuel oil with low viscosity and high volatility 
without an offensive odor in addition to a negligible amount 
of black smoke and NOX and SOX ingredients during the use. 
[0016] The actions and effects of an alcohol in a supercritical 
state or a subcritical state can be explained as follows: The 
dielectric constant and ionic product (Kw) of the alcohol in 
a super- or sub-critical state can be varied easily and 
extensively by controlling temperatures and pressures . As the 
ionic product (Kw) of alcohol shows temperature dependency at 
each pressure, higher pressures keep higher levels of ionic 
product (Kw) at higher temperatures . Therefore, the formation 
of an area for a good ionic reaction (alcoholysis or dehydration 
reaction) can be expected even at extremely higher temperatures . 
In other words, the alcohol in a super- or sub-critical state 
has higher levels of ionic product and dielectric constant and 
these levels can be adjusted within their respective extensive 
ranges by controlling temperatures and pressures . Therefore, 
using an alcohol in such a state as a solvent for 
transesterif ication and dehydration reactions, an optimal 
environment for the conversion of a vegetable oil and an animal 
oil containing not only triglyceride but also free fatty acid 
into a monoesterif ied substance thereof in an efficient manner. 
[0017] 
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[Mode for Carrying Out the Invention] 

Hereinafter, the present invention will be described more 
concretely with reference to examples. However, the examples 
described below have no intention of limiting the invention and 
any of design changes based on the gist described above or below 
will be fallen within the technical scope of the invention. Fig. 
1 is a schematic view showing an example of an apparatus 
constructed for carrying out the invention. This apparatus is 
of a batch type. Reference numeral 1 denotes a tin bath, 2 
denotes a water bath, 3 denotes a reaction vessel, 4 denotes 
a temperature monitor, and 5 denotes a pressure gauge. The 
temperature and pressure in the inside of a reaction tube can 
be monitored in real time by the temperature monitor 4 and the 
pressure gauge 5. The reaction tube in the reaction vessel 
3 can be shaken by a pendular movement . 
[0018] 
[Examples] 

(Example 1) The effects of the present invention were confirmed 
by carrying out the invention using a waste colza oil as a 
vegetable oil and using an apparatus shown in Fig. 1. In a 
reaction vessel 670 ml in volume, 100 g of the oil was introduced 
and then added with room- temperature methanol to make the volume 
400 ml, followed by immersing the reaction vessel 3 into the 
tin bath 1 previously heated at 400 °C. Subsequently, the 
reaction vessel 3 was quickly heated and pressurized and then 
retained in a supercritical sate (240-360°C, 4 0 MPa) of methanol 
for 10 0 seconds, followed by immediately transferring the 
reaction vessel 3 into the water bath 2 to terminate the reaction. 
Contents were removed and, after distilling methanol off using 
an evaporator, the reaction solution was left standing for 3 0 
minutes, resulting in separation of an upper layer (102 g = 90 
wt%) and a lower layer (11.5 g = 10 wt%) . The upper and lower 
layers were high-purity monoesterif ied substance and glycerin, 
respectively, and thus the monoesterif ied substance was easily 
collected. 
[0019] 




( Comparat ive Example ) 

A waste colza oil 100 g was taken into a 1-liter flask 
equipped with an agitator and reflux pipe and then added with 
5 wt% of sodium hydroxide as a catalyst with respect to the amount 
of methanol to make the volume 400 ml, treating at 6 0 °C for 3 0 
minutes. Subsequently, methanol was distilled off by the same 
procedure as that of Example 1 and the solution was then left 
standing for 3 0 minutes to separate it into layers. The upper 
layer and the lower layer (including precipitates) were 100 g 
(85 wt%) and 18 g (15 wt%) , respectively. The composition of 
the upper layer was 2% of glycerin, 9 8 wt% of monoester, and 
2,600 wt ppm of soap, and the composition of the lower layer 
was 55 wt% of glycerin, 10 wt% of soap, and 3 5 wt% of sodium 
hydroxide. The upper layer was washed with water to remove the 
soap and the glycerin, resulting in 82 g of monoester collected, 
which was about 20% less as compared with Example 1. 
[0020] 

(Example 2) 

Methanol was added to 100 g of an oleic acid, one of fatty acids 
contained in a waste oil used as a tempura oil or the like, to 
make 400 ml, and they were then introduced into a 670-ml reaction 
vessel 3 of an apparatus shown in Fig 1, followed by immersing 
the reaction vessel 3 into. a tin bath 1 previously heated at 
400°C. Subsequently, the reaction vessel 3 was quickly heated 
and pressurized and then retained in a supercritical sate 
(240-360°C, 40 MPa) of methanol for 100 seconds, followed by 
immediately transferring the reaction vessel 3 into the water 
bath 2 to terminate the reaction. Contents were removed and, 
after distilling methanol off using an evaporator, the reaction 
solution was subjected to a high performance liquid 
chromatographic analysis using a STRODS column. Consequently, 
the oleic acid was entirely monomethyl ester and thus it was 
converted into methyl oleate to be used as a diesel fuel. 
[0021] 

(Comparative Example 2) 

A 5% NaOH/methanol solution was added to 10 0 g of an oleic 
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acid to make 400 ml and treated at 60°C for 30 minutes using 
the same apparatus as that of Comparative Example 1. 
Consequently, a neutralization reaction of the oleic acid with 
sodium hydroxide was initiated and completely converted into 
sodium oleate and the reaction was then completed. As a result , 
a methylesterif ied substance to be used as a diesel fuel could 
not be collected. 
[0022] 

(Example 3) and (Comparative Example 3) 

The fuel characteristics of the esterified substance 
prepared in Example 1 were examined (Example 3) . The results 
were listed in Table 2. For comparison, the fuel 

characteristics of a light oil (JIS No. 2) were shown as 
Comparative Example 3 . Even though flow point and inflammation 
point of Example 3 are high, the characteristics can be enough 
to be used as a light oil alternate fuel. 

(Example 4) and (Comparative Example 4) 

Using the esterified substance prepared in Example 1, 
the exhaust gas characteristics of a commercial auto engine were 
exampled (Example 4) . As shown in Fig. 4, in comparison with 
a light oil (JIS No. 2) (Comparative Example 4) , it had a small 
concentration of black smoke and a negligible amount of s SOX 
ingredient. In addition, the amount of a NOX ingredient was 
comparatively small . Besides , other characteristics were also 
resulted in preferable results. 

[0023] 

[Table 2] 

Fuel Characteristics 

Fuel Characteristics Example 3 Comparative Example 3 



Density 
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Clouding point 
Application point 
Clog point 

1 0%8»OJ8« 

Actual carbon in 10% residue 

Sulfur content 

Carbon 

Hydrogen 



Oxygen 

Distillation characteristics 

Initial boiling point 

Final boiling point 

[0024] 
[Table 3] 

Characteristics of Exhaust Gas 

Exhaust gas characteristics Example 4 Comparative Example 4 

Black smoke concentration 

Formaldehyde 

Benzene 



[0025] 




[Advantage of the Invention] 

As the present invention is constructed above, in 
addition, biomass resources incorporated in circulatory system 
of the earth is used as a source, so that the present invention 
will significantly contribute to the reduction of load to the 
environment, compared with the light oil originated from fossil 
resources. Furthermore, a manufacturing method included in 
the present invention will be largely expected to be a 
technology for mass-processing of industrial and domestic waste 
materials such as waste edible oils used in cooking and the like, 
particularly a technology for selectively and efficiently 
converting them into organic compounds. 

[Brief Description of the Drawings] 

[Fig. 1] A schematic explanation diagram showing an example 
of an apparatus constructed for carrying out the present 
invention. 

[Description of Reference Numerals and Signs] 

1 Tin bath 

2 Water bath 

3 Reaction vessel 

4 Temperature monitor 

5 Pressure gauge 
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[0010] 
[Si] 





fe * it 


# T » 


st * ra 


Tc [<C] 


Pc [HP*] 


y^y-ju 


CH,0H 


32. 04 


64. 6 


239. 4 


5, 09 


x?s-j\, 


<yyw 


46. or 


78. 3 


243.0 


$. 39 






60. 10 


97. 2 


263. 5 


5. ft 


2-:/a/ty-/V 


C,H0H 


60. 10 


82. 2 


235. 1 


4. 76 




C 4 H>OH 


74. 12 


117. 7 


281. 7 


4. 42 




C 4 H»OH 


74. 12 


107. ft 


274. 5 


4. 30 


2-:/*y-jU 


C 4 H,OH 


74. 12 


99. 5 


26 2.8 


4. 19 




C 4 HjOH 


74. 12 


82. 4 


233. 0 


3. 97 






58. 08 


96. 8 


271. 6 


5, 71 



[001 1] 7^=J— JI/aflBJMKH&f*. J£i£^F*J<D 
»«A<7;b3— ;u<&tt»»fiE (Tc) ia±T*E.oE^A< 

7;U3— JUOHMIEAj (Pc) iaJi(7>^S^ 5 o EES 
J"M£®<tl*. SfB^rt<D;Ufi36<7^=i-;KD36/Sm±"e 

it47;ua— ;K7>ssftaja±t?Mo«Ete2. oMPaia 



[0012] *«ntMtt«c*feisf, laeg 

#*i*fcl*Blff*i07^3Hl/tMt**l: 
li. <b: 5 0-6 0 0°C. I±*2. 0-2 

OOMP a<DlBBT?aSfc«|:tfBE*Sa«lcB!S-rtttf 

cfci^ 6 o o°csa^*a«T?(*. «tttia^>n«Ba % 7 

§0 XJSPEI±^A<2 O OMP a *jB7Lr*8lft<Di|R*-V> 




20-400U E^33-1 OOMPa^glT'fc^o 

autii. £y#SL<i*i~3 0#<DffiffiT*&£ o 

[0 0 1 3] X. *^|B^TM4, j&SICJCCTjSBMI^fc 

y ^i*fct<D7;u* y £*«*»«#£ lt 2%ia 

2 % £ » * & <b: T «J -fe 'V XD±fiJcS*<ii % 
3&^&B*L<ttt^o £y»£Ll>T;u*'JS£l4 0. O 
*<o. 0 5%uiTT*t. 7 ;u*y »*»=***«»»£ 
[0014] **w<D«jt*at*ifi-r*ai«a)»iCtt 
a&j&g. ex h>7P-isa<RM, aastaa 

[OO 1 5] ^^<7>J:x^;Hfi^(^®!ig^(4. & 
*M<b-^ h y ^Afc ±ra>*«* $ y -juices 
ffli^-rtta«w^oja*»fc % ai&*^iMft«*<z> k 

I^J:yi^^oa»WlcJ3ij!ftK^E/xx^;u^36S|-e^ 

[0 0 16] jHtt#«»*/i=i*M4M*llla)7iU3— ;u 
lc£&ffcffl - iftJRirouxTI** 3te(Z> J: -3 

J*^m (Kw) £§Sfio*«lc3Efl:£tt£c<fc:j6<-e 
JKZM+^a (Kw) COS-a*lcfe(t^ 

(Kw) a>*ivRffl£«*,. A^ft ya>K»T feasor 
xa**ffiAO)l«W=cfcoT£;fcS*« 



(4) #12000-204392 



[0 O 1 7] 

o>*<D-cii*<. «r ■ aie©a»f::«LTRti-MW- « 

1l**X»a. 2(4tK^S. 3l*SJte». 4 tea 

3<DJEJC*(*«y : Kl»lc«ky«fc5t-4Zt36«-e 
[0 0 18] 

W<D»**itBLfco i;tt100g$67 0ml ^SJfc 

SS3(:ffM, cHl:^a)/^y-;u*io^t4 0 

OmliU &&fr'Ctf>4 0 0°C(C#aLfcXX;§»1 

i:aiLt, aacuia* »el, wmaai 

tfcS (240-3 6 0°C. 4 OMP a ) |C 1 0 Of£SJ# 
LfcflL Sl68«3***»2|C-r(*-V><»«|$-|±r. 

jsfc;^f?ihLtco i*sa£»yaju x/<tKu— ir 

Lf-£ -hJl (1 02 g = 90wt%) <kTB ( 1 

1 . 5g=10wt%) ©2Hlz#A>*ifc« ±Jt;RtfT 

■i**ft-f*i*l*a<D^y xzfiUbftatfyj -tr y > 
-efcy. Mic^yxx^iMbttSiaiJR-rawtiW-e* 

fc. 

[0 0 19] Obtfcfli) ttJHMHHki oogjgtf 
5S3S«##0)1 y ^ h;u^^x=ifz}sy. 

n-SClfcf LT 5 S*%<Z)*^b^ h 'J O A^M^t Lt 
Mt400mia, 6 0°ClZT 3 O^fflffiSLtCo 

£i^a<B*»TM*y— ;u*«*8L 

3 0»MIM#ttLfc. ±Bfccfct/T® (ltlR*«tr) 
f***l-?*l1 0 0 g (8 5 w t %) fee*: 1/1 8 g ( 1 5 

w t %) -e. ±m<ommt. yjtu>2% % t/ix 

T^9 8wt%, -b'^^a, 600wtppm. Tl 
*ifc+h'J')A3 5wt96^*ofco ±1$** 

yxx-x;us 2 8 ^B««ttfc]y % HJS^Ji frJtK LT 

2 0%gj£d>fc^ofco 

[0 0 2 0] (*|kff2) 3E#&tttt£lcHffiLfcMfc 

0 z\ZL**J — )\,&1m7lX 4 0 Om I t L. C+L^ HI 1 
{ZTjk^mmCOe 7 Om I ^SJSSi§3IZ#AL. fc£^ 

Ci64oo°cic^aLfrxx^ai caair, dair 

lEel^tt^ (240-360U 4 0M 
Pa) "CM 0 0#«J$LfcgL JKJ£^S3$-7K;§«2(Zl 



&m 2000-204392 



<»»si*t\ &j££f$ihL^o i*mto&w>)m 

TRO DS • *^A$fflLNT^ji?ai*^ h^77t* 

^/UT* fey. 7^ — if JU«»|Cffl I* -5 C <h £ * l> 

[002 1] (Jttt«2) >81 00 glZ5%N 

a OH • — /U?gj$£All?LT4 OOmldrl, J±R 

«1 i:H«a>SI«lCj:y 6 0°CT*3 0»Bffl«Lfc £ C 

[0 0 2 2] (j£JS«3) &tf (lt««3) 





H£&3 


i±R&3 




0.' 886 


0. 843 


%fft£ (X:) 


-5. 5 


-11. 5 




5.6 


3.0 


• UjA Od) 


5.9 


-3.0 




137 


83 


emu^t (cfpp) oc) 


0 


-3.0 


1Q*»:ttcDS$£? (wt%) 


a oi 


0.01 


1%^ (96) 


a oooi 


a 2 




77.2 


87.2 


* 3Se (%> 


11.7 


12 8 


K 3Ss (SO 


n, i 


0 


«Rtt4*. MM OC) 


198 


161 


10% oc) 


300 


192 


30% 0C) 


306 


222 


50% oc> 


310 


256 


70% oc> 


315 


291 


90% 0C) 


344 


330 






355 




[S3] 






ft* 










*«BW (%) 


6 


18 


CO, (%> 


3L2 


16 


50, (pun) 


<0.2 


22 


NO, Coon) 


115 


135 


CO (ppn) 


199 


174 


HC (ppu) 


39 


33 


MrATilo^b K (ppn) 


9. 3 


6.9 


*C>-g> (dps) 


0. 4 


0.4 



(XttflU) at; (hb»«4) 
HJte^i lcTij|S^L/■cxx^;^^b!feI^ffll^T. 

t\ S«»E*<«<, soxrt»t.a«or*fti^a>-c 
[courts «A0)fCra«£:Lr|{F*L^IUitf«& 

[O O 2 3] 
[«2] 



[0 0 2 5] 



££>lc % at«a>»gSMt^-/xx7 L ;Mb1»irJ6tj|LTra 



(6) 



ftffi 2000-204392 



USBraffiWftStiiil] 



2 

3 5l£§3§ 
5 E*H- 



[01 ] 



(51) Int. CI. 7 IWHE* F I (##) 

C 1 1 B 13/00 C 1 1 B 13/00 

F$ — 4H006 AA02 AC48 BA69 BB14 BC11 

KA03 KA04 KA06 
4H013 BAOO BA02 

4H059 BA12 BA26 BA30 BA33 BB02 
BB03 BB06 BC03 BC13 CA37 
CA72 CA73 CA94 EA17 EA40 



